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Description 

Background of the Invention 
Field : 

This disclosure is concerned generally with a meth- 
od of purifying an antibody and specifically with a three 
step method involving pH adjustments to purify the an- 
tibody without the use of precipitation agents or salt so- 
lutions. 

Prior Art 

Current methods for purification of proteins include 
using precipitation agents 6uch as salts or non-eatt sub- 
stances such as polyethylene gtyco! (PEG). Unfortu- 
nately, in many cases the protein yields are less than 
desired The methods are often time consuming and of- 
ten require the use of specialized equipment such as 
targe centrifuges. Also, it is often difficult to scale up a 
precipitation method and even if this can be done dis- 
solution of the resulting precipitate can be 6low and is 
not always complete. 

Another common method for purifying proteins in- 
cludes passing a protein-containing solution over or 
through an appropriate ton exchange material at a so- 
lution pH which facilitates binding of the desired protein. 
This is commonly followed by a washing step and an 
elution step at a different ionic strength or pH which fa- 
cilitates the release of the protein. See, for example. 
Lamy. J. et al Arch Bfochem. Biophys. J93 pp 140-149 
(1979), showing that protein can be eluted from DEAE 
Sepharose® by using a descending pH gradient. In gen- 
eral, altering the pH of a protein towards its isoelectric 
point causes It to tose net charge and elute from an ion 
exchanger. 

Elution of materials from ton exchangers by pH 
change and tonic strength change is described more ful- 
ly in Morris et al. Separation Methods in Biochemistry 
Pittman and Sons, London, 1964. See also Robert 
Scopes. Protein Purification . Springer-Verlag, New 
York, NY, 1982. At page 85, the author points out that 
the use of a change in buffer pH is generally not very 
successful (for protein purification). 

EP-A-0 209 786 relates to a process of separating 
hTNF from a mixture of N-terminal methionine contain- 
ing hTNF using a cation exchanges containing 6ul- 
phoaryl- or sulphoalkyl group6. 

Pharmacia Ion Exchange Chromatography booklet 
1983 (pages 45 - 47) represents state of the art protein 
binding and elution techniques and describes a two-step 
process tor eluting a bound protein (arthropod haemo- 
cyanin) trom an fan exchanger (DEAE-Sepharose (L- 
6B)J. 

Ceflutosic ton exchangers. Ed. E A Peterson. 1980, 
pages 262 - 264 describes a general concept of the pu- 
rification of proteins with ton-exchange chromatogra- 
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phy. 

The reference Handbook •Sorbent Extraction Tech- 
nology" Analytichem International, Ed K.C. van Home, 
1985. pages 29 - 32 and 59 - 60 is disclosing in Section 
4.3 the relationship between the charged isolate mole- 
cule (which means the molecule to be bound) and the 
sorbent carrying a charge opposite to that of the isolate 
(e.g. an ton exchanger). Section 10.2.2. of said refer- 
ence refers to wash solvents which do not elute the iso- 
late. 

We have now found that by slightly modifying the 
above ton exchange/pH methods, we can purify an an- 
tibody 6uch as a monoclonal antibody in a relatively sim- 
ple manner that avoids protein toss commonly associ- 
ated with existing protein purification methods, especial- 
ly methods based on the use of solutions of increasing 
tonic strength. Details of our method are described be- 
low. 



20 SUMMARY OF THE INVENTION 

Our method of purifying an antibody from an aque- 
ous solution containing impurities comprises three es- 
sential 6teps. In the firet step, the solution is contacted 

2S with an ton exchange material at a solution pH which 
facilitates binding of the desired antibody (first pH). Oth- 
er substances (impurities) may also be bound during 
this step. In the next step the exchange material to which 
the antibody is bound is washed with a solution having 

so a different pH which does not elute the protein (second 
pH). This pH is one which does not facilitate binding of 
the unbound protein lo the ion exchange material but, 
for some reason, does not facilitate elution of the already 
bound protein. In the third step, the antibody is eluted 

35 with a solution having a pH which facilitates protein elu- 
tion (third pH). 

In the preferred embodiment, the ant foody is an an- 
tibody which binds to the tumor necrosis factor. In the 
examples below, the method of this disclosure is illus- 

40 trated using a monoclonal antibody that specifically 
binds to a substance known as tumor necrosis factor or 
TNF. In those examples we found that best results could 
be obtained by binding, washing and then eluting the 
antibody at three distinct and increasing values of pH. 
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SPECIFIC EMBODIMENTS 

Our disclosure is further illustrated to the examples 
below in which we purified anti-TNF antibodies ex- 
pressed from a sub-clone of a deposited cell line having 
an ATCC Accession No. HB9736. This cell line is de- 
served further in Patent Application S.N. 220,206, filed 
July 18. 1988, Incorporated herein. 

The improved purification method of this disclosure 
was discovered while trying to find a way to reduce pro- 
tein loss that accompanied the use of a precipitation 
step to pu rify the monoclonal antfoodies to TNF in a clar- 
ified (tittered) tissue culture fluid (TCF). 
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In the TCFs we worked with, the major protein com- 
ments were the anti-TNF monoclonal antibodies and 
human albumin, the albumin being present to stabilize 
the cells ot the original (non-clarified) ICR It had been 
found particularly difficult to separate albumin from the 
anti-TNF because of the similarity of their Isoelectric 
points (only 1 .5 pH unit difference). Other antibodies are 
generally easier to separate from albumin because they 
have a higher isoelectric point (more than 2.0 pH units). 
As used herein, a significant difference in isoelectric 
point between human albumin and an antibody, espe- 
cially a monoclonal antibody, refers to a difference of 
more than about 2.0 pH units. Having similar Isoelectric 
points means that the difference is less than 2.0 pH 
units. 

We decided to try to replace an unsatisfactory PEG 
precipitation 6tep with a cation exchange process even 
though that type ot process is not more commonly used 
for protein purification. 

The initial process we used was a fairty standard 
ion exchange method. That is. at a particular pH and 
ionic strength we equiltorated a cation exchange col- 
umn. The ion exchange matrix was S-Sepharose® 
which is sulphopropyl surface modified agarose sup- 
plied by Pharmacia. The aqueous feed solution (clarified 
TCF) containing the desired protein was adjusted to the 
6ame conditions (pH 4.6, 0.01 M sodium acetate) and 
applied to the column. TCF is the harvest fluid from the 
cell fermenter. It contains carbohydrates, salts, amino 
acids, proteins, other cell growth factors, and cells. Clar- 
ified TCF has had the cells removed by filtration or some 
other means. The clarified TCF may be concentrated. 
We determined the capacity of the column at these con- 
ditions and then loaded it to capacity or below. Then, 
after washing the column with equiltoratkxi buffer, the 
column was eluted, as is typical in ion exchange, by in- 
creasing ionic strength. In this case, the conditions were 
pH 4.6, 0.01 M sodium acetate, 0.27 NaCI (i.e. the salt 
concentration was raised). 

Using that technique, the recovery of antibody was 
>B5% with about 1 5% purity. The next step in this proc- 
ess would have been to use an anion exchange material 
(e.g., OSepharose®) for further purification. 

It then occurred to us that the elution of the S- 
Sepharose® column with a high salt concentration cre- 
ated the necessity of adding a new step (salt reduction 
or removal) where more protein loss would be expected 
to occur. This would be undesirable. 

Instead of following the above elution method 
(changing ionic strength), we decided to consider con- 
ditions of washing and elution which did not increase the 
ionic strength but, instead, increased the pH. 

In our particular examples, we surprisingly found a 
set of cond itions which would enable much of the impu- 
rities (mostly albumin in our examples) to be washed off. 
In another step, by raising the pH again, we were able 
to elute the antibody. Thus, in our examples, we were 
able to find that the anti-TNF should be loaded at an 



viittal value, then washed at a different pH value (in this 
case higher) and then eluted at yet a third pH value 
which in this case was the highest. 

Surprisingly, we found that if the column was equil- 

b brated and loaded at the intermediate pH, little or no 
binding of the protein occurred. Although the exact 
mechanism is not clear, it is thought that conformational 
changes in the protein at different pH conditions may 
affect binding. In the case of our examples, it is thought 

to that the lowest pH brings about a conformational or con- 
formational change of the anti-TNF which facilitates 
binding to the ion exchange matrix. At the intermediate 
pH, the unbound protein may be in a conformation in 
which the binding 6ites are blocked due to a conforma- 

t5 tional change caused by that pH. It, however, the anti- 
TNF is already bound to the matrix, the conformational 
change caused by the intermediate pH may not be pos- 
sible. 

As used herein, the expression different pH, when 
20 applied to the intermediate washing step of this disclo- 
sure and the claims below, refers to a pH at which a pro- 
tein (such as the anti-TNF monoclonal antibodies of the 
examples below) will not bind to an ion exchange ma- 
terial (6uch as S-Sepharose©) if in the free or unbound 
25 6tate but which will not elute from the same ion ex- 
change material if already bound to it. 

Example 1 

so An S-Sepharose® (Pharmacia) column was equili- 
brated with 0.01 M sodium acetate at pH 4.6. The anti- 
TNF containing solution (TCF) was then applied to the 
column as next described. The solution was diluted with 
water (approximately 1 part water to 2 parts TCF). The 

35 pH of the diluted TCF was adjusted to pH 4.6 with 1 M 
acetic acid. The absorbance at 280 nm (Agog) was 
measured and 20 A^ units were applied per mL of col- 
umn. In these examples, we define a protein concentra- 
tion of one unit per mL as having an A^q of 1 . The col- 

*o umn was washed with the equilibration buffer until the 
eluting absorbance returned to baseline. The column 
was then washed with buffer of 0.01 sodium acetate. 
0.05 M sodium chloride. pH 5.5. Some proteins eluted, 
and the column was washed until the A^ returned to 

45 baseline. In the final step, the antibodies were eluted at 
a solution pH of 6.5. The anttoody recovery was 90% 
with a purity of 30%. 
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Example 2 



so 



The same starting clarified TCF as in Example 1 
was used. This time, however, the S-Sepharose® col- 
umn was equilibrated with 0.01 sodium acetate, 0.05 M 
NaCI, pH 5.5. Also, the TCF was diluted as in Example 
65 i , but was then adjusted to pH 5.5 with 1 M acetic acid. 
The column loading was the same as described in Ex- 
ample 1. The column was washed until the absorbance 
at 260 nm returned to baseline. The elution was as in 
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Example 1 . The recovery of antibody was only 1 0%. The 
remaning antibody was accounted for In the unbound 
fractions. 

Given the above disclosure, it is thought that varia- 
tions will occur to those skilled in the art of protein puri- 
fication. Accordingly, it is intended that the above exam- 
ples should be construed as illustrative only and that the 
scope of the invention of this disclosure should be lim- 
ited only to the following claims. 



Claims 

1. A method of purifying an antibody in an aqueous 
solution comprising the three essential steps of 

(a) binding the antibody to an ton exchange ma- 
terial at a first pH for the aqueou s sol utkxi which 
facilitates protein binding; 

(b) washing the bound antibody at a second dif- 
ferent pH which does not facilitate binding of 
the unbound protein to the ion exchange mate- 
rial but does not facilitate etutton of the already 
bound protein; 

(c) elating the antibody at a third pH for the elu- 
tion solution which facilitates elution. 

2. The method of claim 1 wherein and all steps are 
done without substantial changes in ionic strength 
among the solutions. 

3. The method of claim 2 wherein the antibody binds 
tumor necrosis factor. 

4. The method of claim 1 wherein the steps use a se- 
quence of increasing pH in going from the initial to 
the final step. 

5. The method of claim 3 wherein the antibody is 
bound to the ion exchange material at a pH of about 
4.6, the washing step is at a pH of about 5.5; and 
the elution step is at a pH of about 6.5. 

6. The method of claim 5 wherein the antibody is ex- 
pressed from the cell line HB 9736. 



Patentanspruche 

1. Verfahren zur Reinigung eines Antikorpers in einer 
wassrigen Losung. umfassend die droi wesentli- 
chen Stuten, in denen man: 

(a) den Antikorper an etn •onenaustauschma- 
terial bei etnem erst en pH-Wert der wassrigen 
Losung bindet, welcher die Proteinbtndung er- 



ieichtert; 

(b) den gebundenen Antik6rper bei einem zwel- 
ten anderen pH-Wert wascht. welcher die Bin- 
& dung von ungebundenem Protein an das lo- 

nenaustauschmaterial nlcht erieichtert. die Elu- 
tion des bereits gebundenen Protein aber auch 
n'cht erieichtert; 

io (c) den Antikorper bei einem dritten pH-Wert 

der Elutionslosung eluiert, welcher die Elution 
erieichtert. 

2. Verfahren gemaG Anspruch 1. wobei atle Stufen 
t5 ohne wesentliche Anderungen bei der lonenstarke 

der Losungen durchgefOhrt warden. 

3. Verfahren gemaG Anspruch 2, worin der Antikorper 
Tumornekrosef aktor bindet. 

Verfahren gemaG Anspruch 1, wobei in den Stufen 
eine AbfoJge steigender pH-Werte beim Gang von 
der Anfangs- zur Endstufe angewandt wird. 

2S 6. Verfahren gemaft Anspruch 3, wobei der Antikorper 
an das lonenaustauschmaterial bei einem pH von 
ca. 4,6 gebunden, die Waschstuf e bei einem pH von 
ca. 5.5 und die Eluttonsstufe bei einem pH von ca. 
6,5 durchgefOhrt werden. 

Verfahren gemaG Anspruch 5, worin der Antikorper 
aus der Zellinie HB 9736 exprimiert ist. 
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35 Revendicatlons 

1 . Proc6d6 de purification cfun anticorps dans une so- 
lution aqueuse comprenant tes trois 6 tapes essen- 
tietles suivantes : 
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3. 



(a) la liaison de Panticorps a une substance 
echangeuse tfions a un premier pH pour la so- 
lution aqueuse qui facilite la liaison de la pre- 
teine; 

(b) le lavage de Tanticorps Ii6 a un second pH 
different qui ne facilite pas la liaison de la pro- 
teMne non liee a la substance echangeuse 
onions mais ne facilite pas Telution de la prot6i- 
ne d6ja tiee; 

(c) TeMution de ranticorps a un troisleme pH 
pour la solution dilution qui facilite relution. 

Proceed seton la revendicatton 1 t dans lequet tou- 
tes tes e tapes sont eflectuees sans changement 
substantiel dans la force tonique des solutions. 

Proceed seton la revendicatton 2. dans lequel ran- 
ticorps se lie au facteur de necrose tumorale. 
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Proc6d6 selon la revendication 1, dans lequel les 
6tapes utilisent une sequence de pH croissants en 

atlant de l'6tape initials a r^tape finale. ^*=a 

Proc6d6 selon la revendication 3. dans lequel Tan- * C/^j 
ttcorps est Ii6 a la substance 6changeuse cfions a 
pH cfenviron 4.6. Mtape de lavage est a pH cfenvi- 
ron 5,5; et retape dilution est a pH cfenviron 6,5. 



Procddd selon la revendication 5, dans lequel ran- io 
ttcorps est exprime' a partir de la Iign6e cellulaire HB 
9736. 
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